ABSTRACT -This work aimed to assess the effects of preslaughter lairage time on the welfare and mortality of broilers transported in different farm-abattoir distances. It was evaluated 215 poultry transport trucks from a commercial poultry slaughterhouse from 2006 to 2007. Data were obtained from the holding area acclimatized through fans and water misting in the mornings, afternoons and at night. The thermal variables (temperature and relative humidity), distance, lairage time and density of birds per cage were considered in the analysis. The effects of distance and lairage time were important in the variation of rectal temperature of the animals and on the number of dead animals per truck. Two models were developed (mean and dispersion), for each response variable in function of the interaction between lairage time and distance. As the lairage time in the holding area increased, the rectal temperature of the birds was reduced for all the studied distances. In farm-abattoir distances higher than 25 km, mortality was low when lairage time was lower than 1 hour. However, for distances below 25 km, in the same time interval, the number of dead birds was two-fold higher than in the first situation. The adjustment of lairage time has to be done accordingly to the distance provided that the lairage environment is correctly climatized. de espera e densidade de aves por caixa foram consideradas na análise. Destacaram-se os efeitos da distância e do tempo de espera na variação da temperatura retal dos animais e do número de aves mortas por caminhão. Foram desenvolvidos dois modelos (média e dispersão) para cada variável-resposta, em função da interação entre tempo de espera e distância.
Introduction
Due to the increasing technological advance in the poultry industry, the assessment of factors that have influence on loss reduction is important, even if it is punctual or generalized throughout the productive process. The most critical loss for the poultry industry is the number of losses caused by deaths during the preslaughter operations, which is the extreme indicator of poor welfare (Petracci et al., 2006) . During the hottest periods, the occurrence of deaths before arrival at processing line might be upper than 1%, leading to losses above 300,000 dollars per year (Ritz et al., 2005) .
The time which broilers stay inside the transport trucks is variable during the loading and transport. These conditions vary according to each country, local climate conditions and with the type of transportation used. However, some journeys might last up to 3 hours and the birds are confined inside crates up to 12 hours, depending on the dynamic of whole process (Akşit et al., 2006) .
High mortality rates were found in distances higher than 100 km at Czech Republic and the reduction of journey between farms and slaughterhouse was recommended (Voslarova et al., 2007) .
Considering the difficulties to reduce these distances and the high values of temperature and relative humidity in tropical regions, the lairage time in climatized holding areas might be important for thermal comfort and survival of the birds. In environment with low ventilation or without climatization, lairage times lower than 2 hours were recommended by Warriss et al. (1999) , who worked with productive losses on preslaughter losses in the United Kingdom. In acclimatized environment, Quinn et al. (1998) suggested time intervals from 2 to 4 hours. The increasing or reducing of lairage time due to specific distances can negatively affect meat quality (Bressan & Beraquet, 2002) . However, at the present, the evidence concerning the relationship between stressful factors, welfare and broilers mortality is little known, mainly on tropical climate regions.
This work aimed to study, through rectal temperature and mortality rates, the effect of preslaughter lairage time and distance between farm and slaughterhouse on broiler welfare.
Material and Methods
The trial was conducted in a commercial poultry processing plant (22º01'03" S, 47º53'27" W; 856 m). The location is characterized by a tropical climate 'Cwa' according to Köppen's classification, characterized by warm and wet season from October to March, with mean temperature higher than 22ºC, and a dry season from June to August, with an average temperature lower than 18ºC (Embrapa Pecuária Sudeste, 2007) . Data were obtained from the holding area at the slaughterhouse, from October 2006 and March 2007, when 215 broiler transport trucks housed at holding area were assessed.
This lairage is consisted of an open building (approximately 23.70 m × 19.22 m × 5 m high, with a total area of 455.5 m²), with galvanized steel roof and 6 metallic trusses. Environmental climatization was achieved by fans placed on pillars and trusses (4 lines of 7 fans each), whose air flow was 300 m³/min and power of 0.5 hp, whilst 8 high pressure water misting sets were intercalated with fans, each one with 25 nozzles. The sides were equipped with polypropylene panels during summer for protection against direct solar radiation inside the building.
This building housed 8 poultry transport trucks, each one with 486 boxes, with the average capacity of 7 birds per crate. These crates had the following dimensions: 75 cm × 60 cm × 30 cm high. The animals used on this trial were Cobb breed broilers, from 6 to 7 weeks of age, with average body weight of 2 kg.
Daily periods of transport (morning, afternoon and night), density of birds per crate, distance between farmslaughterhouse, lairage time and the involved thermal factors (temperature and relative humidity) were the factors assessed in this study. For this work, the effects of different lairage time intervals combined with different distances (Figure 1 ) were evidenced.
The lairage time was considered as a period of permanence in the slaughterhouse, between the truck arrival and slaughter of the animal. The fasting time adopted in each load was 8 hours and all time intervals adopted in the preslaughter operations (catching, loading, transport and lairage at slaughterhouse) was included in this feed withdrawal time.
The rectal temperature and the number of dead chickens were the physiological and the productive variables, respectively. In order to get an estimate of the rectal temperature, five birds were randomly taken from a crate of each studied truck, at the arrival of the truck at holding area and at departure from lairage to the processing plant.
The difference between the rectal temperature taken at the departure and at the arrival was included in the statistical analysis (difference of rectal temperature) with the objective to verify a reduction or increasing of rectal temperature of broilers, due to lairage climatization. The number of dead losses per truck was achieved in the database of the industry. Data were analyzed using a Double Generalized Linear Model (DGLM), an extension of Generalized Linear Models (GLM), which provides a framework for modeling the dispersion in generalized linear models as well as the mean (Vieira, A., 2008) . The difference of rectal temperature was considered in this study as a response variable with normal distribution, with the mean linked to a linear predictor through an identity function. The number of dead birds was treated as a response variable with Poisson distribution. The logarithmic function was assumed to make a link between the model linear predictor and the expected value of response variable and for the link function was also assumed as a logarithmic function which guarantee positive values for the expected dispersion parameter ( f ).
The DGLM for the two response variables was selected based on the Wald tests, with the purpose to test the hypothesis about the true contribution of these factors and interactions on the statistical model (Knight, 2000) . This test is an extension of the Student's t test, widely used in general linear regression analysis. Complementary to the Wald test, a residual analysis was performed to verify the model assumptions, based on deviance residuals, fitted values, q-q plots, scale-location plot and Cook's distance, widely used in GLM analysis (McCullagh & Nelder, 1989) . The statistical software environment R (R Development Core Team, 2006) was used together with to the dglm library (Dunn & Smyth, 2006) , for model parameters estimation and for hypothesis test development.
Results and Discussion
The use of double generalized linear models allowed modeling simultaneously the variability and the features of rectal temperature and poultry mortality. It was possible to identify that the factors affected variability of these features and thus, it was obtained more precise estimates of these factors which influence the average rectal temperature and the expected number of dead birds. The high variability present in this dataset makes it necessary models which deal with superdispersion, probably due to factors which were not considered in models. The DGLM class showed to be informative and robust in this study.
As evidenced by Vieira (2008) , the following interactions were observed in the difference of rectal temperature model (P<0.05): lairage time, external and internal temperature, density of birds per crate, periods of the day and distance.
In the mortality model, the observed interactions were: lairage time, density of birds per crate, external and internal temperature, and relative humidity. Some of the following interactions between the following variables were not observed: night vs. distance (difference of rectal temperature model); relative humidity vs. afternoon and lairage time vs. night (mortality model).
For assessment of average rectal temperature, the following model was used: ŷ 1 = -0.661* + 2.05 · 10 -2 *e -1.74 · 10 -2 *d + 2.90 · 10 -5 *ed, and, for the average number of dead birds it was used the following: ŷ 2 = exp(-49.71 * + 2.36 · 10 -2* e -2.81 · 10 -2* d + 1.62 · 10 -5* ed), where ŷ 1 = estimated mean parameter (rectal temperature); ŷ 2 = estimated mean parameter (mortality); e = lairage time; d = distance between farms and slaughterhouse; NS nonsignificant; * significantly difference (P<0,05), derived by Wald test.
Great contributions of lairage time were observed jointly with distance on the difference of rectal temperature and mortality estimation. Even with high significant relationship of each explanatory variable with mortality and rectal temperature, the distance by itself does not explain the variations on the response of the animal, given the importance of time which the birds stayed under stress on the truck (Warriss et al., 1992) . Furthermore, according to Gregory (1994) , the relationship between losses and distance is not linear. The increase of losses is higher with the factor time, due to stress conditions inside the load.
For dispersion assessment, the following models were used for difference of rectal temperature and number of dead birds, respectively: f 1 = exp (0,25 NS where f 1 = expected dispersion parameter (rectal temperature); f 2 = expected dispersion parameter (number of dead birds); a = afternoon; n = night; t 1 = external temperature; t 2 = internal temperature; u 1 = external relative humidity; u 2 = internal relative humidity; e = lairage time; d = distance between farms and slaughterhouse; e 1 , e 2 = second degree polynomial for lairage time; t 2 1 , t 2 2 = second degree polynomial for internal temperature; NS = non-significant; * significantly difference (P<0.05)
derived by Wald test.
In the dispersion models, the lairage time contributed linear and positively with the increasing difference of rectal temperature variability. However, the contribution on the variability of the number of dead birds were quadratic and negative, indicating that higher or lower lairage time intervals tends to produce less variability then intermediate time intervals.
This difference between models can be explained through the stress levels experienced by birds. Rectal temperature is the first indicator of poor welfare of broilers, whereas the mortality is the highest indicator related to stress (Broom, 2007) . Increasing values of lairage time tend to elevate the variation of rectal temperature. The excess of climatization results in thermal heterogeneity on the lairage environment causing hypothermia in some birds depending on its localization on the truck, for example more contact with the climatization system, and also body weight and age (Hunter et al., 1999; Barbosa Filho et al., 2009) . In relation with the number of dead birds, the adoption of lower or higher lairage time resulted in reduced and less variable mortality, according to the distance and related with the results achieved through the mean model. In other words, when analyzed jointly with other important factors, such as distance between farms and slaughterhouse, the extremes of lairage time had major influence on determining the mortality, despite of the intermediate levels.
The reduction of rectal temperature was expressive as lairage time increased for all traveled distances (Figure 2) . In general, for increasing intervals of exposing time to thermal stress, it was observed an increase on rectal temperature of approximately 0.9°C (Hunter et al., 1998) . According to Silva et al. (2007) , who assessed the thermal stress in simulated transport conditions, in 30 minutes, the birds were under thermal stress, exceeding the lower condition of stress (41.1°C), which evidenced that, with higher exposing time to higher temperature and relative humidity, the rectal temperature values are lower.
As it was exposed by the same authors, the critical point were achieved in 120 minute time, when birds showed symptoms of thermal collapsing, which resulted in deaths. Thus, the use of climatization systems allows the thermal comfort of broilers, when allied to the factor time. As the lairage interval increases, the reduction on rectal temperature is higher, due to maintenance of temperature and humidity under comfort levels for broilers (Barbosa Filho, 2008) .
Under elevated ventilation regimen, the sensible heat loss is high, consequently resulting in a reduction of rectal temperature due to the removal of a great amount of heat from the surface of the broiler (Yahav et al., 2005; Welker et al., 2008) .
Considering the distance between farms and slaughterhouse above 25 km, the mortality was lower when it was adopted the short lairage time (Figure 3 ). However, in the same time interval for short distance, the number of dead birds doubled in relation to the first situation.
The condition of stress during transport might be severe when the distance is increased. The expected mortality in these cases can be 80% higher in long journeys (Warriss et al., 1992) . This raising in the losses related with the increasing of distance was due to the significant Long = higher than 51 km; Medium = from 25 to 50 km; Short = lower than 24 km; Short = lower than 1 hour; Moderate = from 1 to 2 hours; Medium = from 2 to 3 hours; High = higher than 3 hours. Long = higher than 51 km; Medium = from 25 to 50 km; Short = lower than 24 km; Short = lower than 1 hour; Moderate = from 1 to 2 hours; Medium = from 2 to 3 hours; High = higher than 3 hours.
reduction of the ability of animals to maintain the necessary biological balance to cope with transport (Cockram, 2007) . Long journeys resulted in increasing of the number of dead birds, in order of 0.86% of mortality, comparatively higher in relation with shorter distances (Vecerek et al., 2006) . The influence of lairage time in a climatized holding area can be explained by the energetic load consumption of birds under stress situation (Mendes, 2001; Savenije et al., 2002; Olanrewaju et al., 2006) . The birds showed an accentuated consumption of the energetic load in the first 30 minutes of exposition to a stressor factor, resulting thereafter in an adaptation (Bressan & Beraquet, 2002) . For short distance, the longer lairage time in the climatized area resulted in the return to the initial thermal comfort condition, increasing chances of survival of the flock. In other words, the thermal stress of broilers might be reversible with the climatization during lairage, because they were still sensible to the climatized environment. For longer journeys, the birds exceeded this critical period, reaching the irreversibility due to the depletion of energetic reserves, being shorter the effect of climatization on the returning to the initial thermal comfort of broilers. The long waiting of weak birds during lairage resulted in an increase of the number of dead birds in this time interval. Therefore, the efficiency of climatization is important when it considers the need of reducing thermal stress of broilers, and the distance showed a direct relation to the effects of lairage time, in terms of rectal temperature and mortality.
Aiming to reducing losses, different lairage time is necessary when considering short and long distances, for birds which may recover from transport stress (Table 1) .
For longer distances, the time interval from 1 to 2 hours is suitable to reduce the thermal load of the transported flock, without prolonged energetic depletion of broilers, however.
For medium distance, the short time interval is the most appropriated due to the lower stress extension in relation to longer distances. For short distance, the lairage time above 3 hours is the most appropriated for the thermal balance maintenance of broilers.
Conclusions
In climatized holding areas, the increase of lairage time reduces rectal temperature of broilers, for all travelled distances, improving the welfare condition of animals. However, aiming to reduce pre-slaughter losses of broiler chickens, it is recommended lairage time higher than 2 hours for short distances and lower than 1 hour for travelled distances higher than 50 km. 
